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57 ABSTRACT

A method and system for detecting satellite signal lock in a
satellite receiver system is disclosed. The system may
include a first filter that isolates a noise frequency from the
satellite signal, and/or a second filter that isolates a service
frequency from the satellite signal. A comparator may then
determine whether the output of the first and/or second
filters is greater than a threshold level associated with an
incipient loss of lock on the broadcast signal. The method
includes the steps of filtering a received broadcast satellite
signal to generate a service signal having a center frequency
between a first transponder center frequency of a first
transponder band and a second transponder center frequency
of a second transponder band that overlaps the first tran-
sponder band, and comparing the output of the filter to a
threshold value. In either the method or the apparatus, a
command may be issued if the signal value is below the
threshold value, thereby informing the user of the loss of
signal lock.
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METHOD AND APPARATUS FOR IN-LINE
DETECTION OF SATELLITE SIGNAL LOCK

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 09/853,954, filed May 10, 2001, which
is a continuation of U.S. patent application Ser. No. 09/477,
240, filed Jan. 4, 2000, now U.S. Pat. No. 6,272,313, which
is a continuation of U.S. patent application Ser. No. 08/792,
048, filed Feb. 3, 1997, now U.S. Pat. No. 6,029,044, each
of which is entitled “Method and Apparatus for In-Line
Detection of Satellite Signal Lock,” and each of which is
incorporated herein by reference in their entirety.

BACKGROUND OF THE DISCLOSURE

[0002] The present invention relates generally to satellite
communication systems, and more particularly to a method
and system for detecting signal lock between a satellite
receiver and a satellite in a digital DBS system.

[0003] Generally, in modern digital satellite communica-
tion systems a groundbased transmitter transmits a forward-
error-coded uplink signal to a satellite positioned in geo-
synchronous orbit. The satellite in turn relays the signal back
to a ground-based receiver antenna in a separate location.
Direct broadcast satellite (“DBS”) systems allow house-
holds to receive audio, data, and video directly from the
DBS satellite. Each household subscribing to the system
receives the broadcast signals through a receiver unit and a
satellite dish receiver antenna.

[0004] The typical consumer DBS system consists of a
satellite receiver antenna which includes an e.g. 18-inch
parabolic dish and low noise block (“LLNB”), and a receiver
unit which may include an integrated receiver decoder
module, or “IRD”. The receiver antenna is typically
mounted outside the house, and cables are provided to link
the LNB to the indoor IRD and associated equipment (e.g.
video display).

[0005] Several factors can degrade received DBS signals.
For example, the satellite receiver antenna can accumulate
snow, ice, leaves, or other debris unseen by the user. Remote
blockage may also develop, such as shadowing foliage (e.g.
trees). This accumulation or other shadowing obstruction
can degrade the received signal strength enough to interrupt
IRD operation. Furthermore, due to the significant amount
of forward error correction used, the DBS picture or data
quality may not suffer any noticeable decrease although
signal strength is continuously degrading. When signal
strength falls below a certain minimum, the signal can be
completely lost without warning.

[0006] Other sources of DBS signal degradation include
antenna tracking errors in mobile installations, such as ships,
trains, or automobiles, each of which require constant
adjustments to the receiver antenna’s orientation. As with
fixed DBS systems, the signal degradation in a mobile DBS
installation can result in complete loss of signal lock without
warning.

[0007] Therefore, there is a need for an inexpensive and
simple method and system for automatically detecting signal
degradation and for warning the user when a DBS signal is
degrading, to provide an incipient signal loss warning or
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reaction. There is a particular need for such a method and
system which may be added to existing satellite receiving
equipment without modification, e.g. as an “add-on” device.

SUMMARY

[0008] The present invention provides an inexpensive and
simple method and system to detect signal degradation and
to warn the user that signal strength is degrading or has
degraded below a given threshold. The present invention
may be embodied in a system that processes a portion of the
receive antenna/LNB output and splits this incoming RF
signal. In a preferred embodiment, the signal is split into
three components, one having the majority of the received
power and the others having lesser power. The RF signal in
one path (preferably one of the lesser-power paths) is passed
through a filter that isolates a portion of the frequency
spectrum corresponding at least predominantly to an intel-
ligence carrying or “service” frequency signal, such as a
portion of a satellite transponder signal of the DBS system.
The RF signal in another path (preferably also lesser power)
is passed through a second filter that isolates a portion of the
frequency spectrum which contains only (or predominantly)
“noise” signals.

[0009] The difference in power between the two filtered
signal components is then detected. For example, the output
of each filter is passed to a separate RF detector. Each RF
detector converts the RF signal at its input to a DC voltage
or some other output (e.g. a digital output) that is propor-
tional to the input signal power. Scaling (e.g. amplification,
attenuation, or digital manipulation) may be used to com-
pensate for differences in absolute outputs of the one or more
portions of the device. The difference between the two
power levels is then detected. For example, in one embodi-
ment a voltage corresponding to one of the RF signals (e.g.
non-signal noise power) is passed through an inverter. This
inverted signal is then summed with a DC signal corre-
sponding to the other signal component (e.g. the service
frequency signal power). In this way, a voltage is obtained
which is proportional to the difference in the relative powers
of the desired service signal and the noise signal (the
“difference” value or voltage). Finally, the RF signal in the
third path, preferably having the majority of received power,
may be passed unaffected to a receiver (e.g. IRD) for normal
processing.

[0010] The difference value or voltage can then be passed
to a comparator (or several comparators) or the like for
comparison to one or more predetermined thresholds. For
instance, a difference voltage can be compared to a level
corresponding to loss of signal lock. The difference voltage
could also be compared to a level somewhat higher than the
loss of signal lock level, relating to a degraded signal or
incipient signal loss.

[0011] In another aspect of the invention, the system
includes a user interface for alerting the user of an approach-
ing loss of signal lock. The user interface may in part allow
the user to activate an external device, or otherwise select a
corrective measure from a menu of options to curtail signal
loss.

[0012] The invention may be further embodied in a
method that includes the steps of establishing a first thresh-
old value (e.g. between the respective levels representative
of the satellite signal and the noise), combining a value
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indicative of a noise frequency signal component with a
value indicative of a service frequency signal component to
obtain a difference signal value, comparing the difference
signal value with a first threshold value, and issuing a
command if the difference signal value is below the first
threshold value. The command may indicate e.g. that signal
lock has been lost. In another aspect of this method, the steps
further include establishing at least a second threshold value
greater than the first threshold value. The second threshold
may be used e.g. to issue a warning that signal lock is
degrading and may soon be lost.

[0013] The present invention thus provides a method and
system for determining when a received signal has
degraded, or has been lost, by detecting the relative levels of
the desired (i.e. service frequency) to background (i.e. noise)
signal components present in the signal. In certain embodi-
ments, the method and system allows the user the opportu-
nity to take steps to correct the degrading signal independent
of the receiver. The method and system utilize a small
number of simple electronic components and do not require
a microprocessor (although one may be utilized), thereby
allowing the unit to be more reliable and inexpensive.
Furthermore, the method and system can warn the user of
signal degradation and possible loss, allowing the user to
take corrective measures before the signal is completely lost.

[0014] In preferred embodiments, the system may be
implemented as an add-on accessory for use with a variety
of receivers. In one preferred embodiment, the detection
circuits may be housed in a module for insertion in-line
between an LNB and an IRD. A bypass path or through line
may be provided to conduct the majority of the received
signal power directly from the LNB to the IRD. Because the
invention operates to detect signal loss or degradation with-
out requiring analysis of signal content or intelligence, the
add-on device does not require complex tuners, decoders or
error measurement circuits. The device may therefore in
certain embodiments work independently of the IRD, other
receiving components, or the signal format used for the
satellite signal.

[0015] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory only, and are intended to
provide further explanation of the invention as claimed. The
invention, together with further objects and attendant advan-
tages, will best be understood by reference to the following
detailed description, taken in conjunction with the accom-
panying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 illustrates a conventional direct-to-home

DBS satellite television system capable of utilizing the
present invention (prior art).

[0017] FIG. 2 is a diagram of an embodiment of the
in-line detection apparatus according to the present inven-
tion.

[0018] FIGS. 3 (A-E) illustrate exemplary DBS broadcast
frequencies, and preferred embodiments for the service
signal and noise filter characteristics usable in one embodi-
ment of the present invention.

[0019] FIG. 4 shows an alternative embodiment of a
portion of the embodiment of FIG. 2, corresponding to the
embodiment illustrated in FIG. 3(E).
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[0020] FIG. 5 shows a user interface screen capable of
integration with the in-line detection apparatus of the present
invention.

DETAILED DESCRIPTION

[0021] Referring now to the drawings, and more particu-
larly to FIG. 1, a representative digital DBS system 12
capable of utilizing the present invention is shown. The DBS
system 12 preferably includes a ground-based broadcast
transmitter 13, a space segment 14 that includes a satellite
15, and a ground-based subscriber receiving station 16. In an
exemplary DBS system, the satellite 15 is a geosynchronous
satellite, such as the Hughes. RTM. HS-601.sup. TM. space-
craft, preferably positioned at a geosynchronous orbital
location. The home subscriber receiving station 16 includes
an outdoor receiver antenna 19 including a low noise block
(LNB) 20 connected to an indoor receiver/decoder box
(IRD, not shown) via a cable (also not shown).

[0022] The broadcast transmitter 13 receives digitally
modulated television or audio signals and transmits them to
the satellite 15. The satellite 15 translates the signals to a
downlink frequency (e.g. in the Ku band) and transmits them
to the receiver antenna 19 of the receiving station 16 for
subsequent demodulation. The satellite 15 transmits down-
link signals via on-board transponders 17 operating at a
power level of e.g. 120 to 240 watts.

[0023] The LNB receives the downlink RF signals, ampli-
fies them, and typically down-converts them (e.g. to the L
band). When the downlink signal from the satellite 15 is
received in the receiver antenna 19 with sufficient signal
strength to be demodulated, the satellite signal is considered
to be “locked” with the receiving station 16.

[0024] A preferred embodiment of a lock-detect sub-
system 55 for monitoring satellite signal lock is provided as
described below. As shown in FIG. 2, the outside line 91
from the LNB 20 is connected to the lock detector 92 at an
input 63. The input 63 preferably feeds a tap or coupler 88.
A line 62 allows a portion (preferably a majority, e.g. 90
percent) of the LNB signal to pass through the detector 92
to the cable 29 and thus the IRD 95 regardless of whether the
lock detector 92 or IRD 95 power is on or off. A portion 22
of the LNB signal is fed to a pair of filters 57 and 58. Filter
57 is a signal or service frequency filter, and filter 58 is a
noise frequency filter. Preferably the portion 22 of the LNB
signal fed to the filters is a relatively small percentage of the
total LNB signal (e.g. 10 percent). A splitter 21 is preferably
used to divide the portion 22 between the respective filters,
into signals 23, 24.

[0025] In the specific embodiment illustrated, the output
of filter 57 is passed to a radio frequency RF detector 64,
which in turn is linked to an adder circuit or summer 59. The
output of filter 58 is passed to a second RF detector 65, and
to an inverter 68. The inverter 68 output is coupled to
summer 59. The RF detectors 64 and 65 convert the mea-
sured average RF power level outputs of the filters 57 and 58
to obtain two representative output signals, e.g. DC voltage
levels. The output signal 66 of summer 59 is supplied to one
or more comparators, such as a pair of comparators 60 and
61. The outputs 93 and 94 from the comparators 60 and 61,
respectively, may be functionally connected to one or more
of indicator devices, logic 53, or switch 71.
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[0026] The filter 57 preferably passes only signal or ser-
vice frequencies corresponding to a range of a known
service band or channel in the service spectrum. More than
one range or channel may alternatively be included.
Although preferably only signal or service frequencies are
passed, it should be understood that in certain embodiments
a limited amount of noise may also be passed, so long as the
signal is predominantly comprised of service frequencies.

[0027] The filter 58, in contrast, passes a range of noise
frequencies corresponding to a known region in the received
spectrum where no service band or channel is present. Once
again, although it is preferred that filter 58 pass only
background noise components, in certain embodiments a
limited amount of signal or service frequencies may also be
passed, so long as the passed signal is predominantly com-
prised of noise (non-service) frequencies.

[0028] FIGS. 3 (A-E) illustrate preferred embodiments of
frequency characteristics for filters 57, 58 in the context of
a representative Ku band DBS system. FIG. 3(A) illustrates
a typical downlink frequency utilization for a system having
a plurality of transponders, each with an assigned frequency
band (e.g. 101-108). In the system illustrated, these tran-
sponder signals (which may number e.g. 32) are located in
a 500 MHz portion of the Ku band, ¢.g. between 12.2 and
12.7 GHz. As is known in the art, the signal carrying
capacity within this assigned band can be increased by
utilizing polarization multiplexing, e.g. right hand circular
polarization (RHCP) and left hand circular polarization
(LHCP). In the system illustrated, frequency bands for those
transponders assigned to RHCP (101, 103, 105 and 107) are
interleaved in a “staggered” fashion with those assigned
LHCP (102, 104, 106 and 108). In general, the center
frequency of a RHCP band (e.g. 103) corresponds to the
center of a guard band lying between two adjacent LHCP
transponder frequencies (e.g. 102, 104).

[0029] Inmannersknown in the art, the LNB receives both
RHCP and LHCP signals, but is configured electronically
(or, in less preferred embodiments, mechanically) to dis-
criminate and process only one of the respective polariza-
tions. This signal is then typically down-converted in fre-
quency to a 500 MHz portion of e.g. the L. band, such as the
spectrum between 950 MHz and 1.45 GHz. The LNB output
will therefore correspond to the signal shown diagramati-
cally in FIG. 3(B) if the LNB is configured to process RHCP
signals, or the output shown in FIG. 3(C) if the LNB is
configured to process LHCP signals.

[0030] The filter characteristics for filters 57, 58 are pref-
erably chosen to support this frequency/polarization utiliza-
tion scheme, permitting the lock-detect system 55 to func-
tion with standard equipment in commercial products and
support their complete functionality, including LNB selec-
tion of RHCP or LHCP signals. FIG. 3(D) illustrates pre-
ferred filter characteristics. The signal or service frequency
filter 57 has a passband center frequency 121 which pref-
erably corresponds to the approximate middle frequency
between the outer boundary (e.g. 124) of a selected RHCP
transponder frequency band (e.g. 117), and the complimen-
tary outer boundary (e.g. 123) of an overlapping LHCP
transponder frequency band (e.g. 118). By selecting a filter
passband corresponding to an “overlap” between the stag-
gered RHCP and LHCP bands, a single filter (as illustrated
in FIG. 2) can function to isolate service frequencies regard-
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less of whether the LNB is processing RHCP or LHCP
signals. In a known DBS system utilizing 32 equal tran-
sponder bands staggered between 12.2 and 12.7 GHz, the
center frequency of the signal or service frequency filter 57
may be chosen to lie within the region of overlap between
any adjacent LHCP and RHCP transponders, e.g. at
Csub.f+-.0.7.29 MHz, where C.sub.f is the center fre-
quency of a particular transponder.

[0031] The bandwidth or passband characteristic 120 of
filter 57 is preferably selected to reduce susceptibility to
variations in transponder roll-off characteristics from one
transponder to the next, as well as variations in LNB local
oscillator frequency. In general, it is desirable to provide a
passband and roll-off characteristic to maximize the amount
of signal (whether RHCP or LHCP) which is passed, while
minimizing inclusion of noise signals in the adjacent guard
band. In the representative system previously described, a
standard 6 MHz wide bandpass filter may be used. Such
filters are common in the cable industry.

[0032] Referring still to FIG. 3(D), the noise frequency
filter 58 preferably passes a band of frequencies lying above
(or below) the highest (or lowest) transponder band, and also
below (or above) any neighboring spectrum allocation. By
way of specific example, a known Ku-band DBS system
operates within a 500 MHz band between 12.2 and 12.7
GHz. The LNB downconverts the signals to the L-band,
between 950 and 1,450 MHz. A guard band of approxi-
mately 12 MHz separates the highest (and lowest) transpon-
der band from the upper (and lower) limits of the assigned
spectrum. This separation provides protection from interfer-
ence by neighboring services, and should contain no intel-
ligence-carrying signals.

[0033] Accordingly, it is preferred to select the passband
characteristics of the noise filter 58 to correspond with one
or both of these guard bands. A representative characteristic
130 is shown, with center frequency 131. The bandwidth of
filter 58 is not critical (although preferably narrow enough to
exclude signal frequencies). It may also be desirable to
select a passband which is easily and inexpensively imple-
mented, and which results in noise power levels having a
value (when discriminated, as discussed below) in an appro-
priate range for ease of processing. In a preferred embodi-
ment, the standard 6 MHz bandpass filter common in the
cable industry may similarly be employed. As shown, the
noise filter may have a greater or lesser passband (e.g. as
shown in alternative 132), or noise signals could be derived
from elsewhere.

[0034] An alternative embodiment for accommodating
selective polarizations in a staggered-frequency system is
shown in FIG. 3(E) and FIG. 4. Service frequency filter 57
comprises a pair of individual bandpass filters 150, 151.
Filter 150 has a passband characteristic 140 with a center
frequency 142 preferably approximately centered within the
transponder band (e.g. 112) of a first polarization (e.g.
LHCP). The second filter 151 has a passband characteristic
141 with a center frequency 143 corresponding to the
approximate center of a transponder band (e.g. 113) in the
alternate polarization (e.g. RHCP). Although it is preferable
for the filter passbands to be approximately centered within
transponder bands, it should be understood that this is not
essential so long as the passbands fall within the transponder
bands. The filter characteristics are shown aligned with the
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adjacent LHCP and RHCP transponder bands. This is the
preferred implementation in order to reduce the impact of
any variation in the gain of the system over frequency.
However, it is not necessary that adjacent bands be utilized,
and any LHCP and RHCP band or bands could alternatively
be selected. More than one may be used, with the signals
either combined (for greater total signal) or averaged. When
two or more are used and averaged, the resulting system is
tolerant of the loss of a transponder, without adjustment. The
specific filter characteristics and passbands are not critical,
although they preferably fall within the transponder bands
with minimal or no inclusion of noise signals in the guard
bands. 6 MHz filters may be used for convenience, or filters
having a wider passband (e.g. 20 MHz with a rolloff of -25
db.+-0.12 MHz) may be used to pass more received power.
As with the previous embodiment, the noise component may
be filtered preferably above or below the signal band (e.g.
145).

[0035] Referring again to FIG. 4 and to FIG. 2, the signal
23 may be provided to a switch 160 whose outputs are in
turn connected to filters 150, 151. The state of switch 160 is
determined by a select input 161, which preferably corre-
sponds to the LNB control signal for selecting RHCP or
LHCP output. In known systems, a first DC voltage level
(e.g. 13 volts) is provided for a first polarization state, and
a second DC voltage level (e.g. 17 volts) is provided for the
alternate polarization state. These DC voltages provide
control inputs to the LNB for selecting LHCP or RHCP
output, and provide power to the LNB electronics. In a
preferred embodiment, the same control voltages are utilized
by the lock-detect subsystem 55 for determining the state of
switch 160, and also for providing necessary power to the
circuits of the device.

[0036] Although the foregoing specific embodiments
illustrate operation of the present invention by utilization of
certain frequencies, it should be understood that other signal
and/or noise frequencies may alternatively be utilized.

[0037] Referring again to FIG. 2, the service frequency
component is output from the filter 57 and supplied to the RF
detector 64 for e.g. voltage conversion before being fed to
summer 59, while the noise frequency component output
from the filter 58 is fed to RF detector 65. The RF detectors
may comprise any known devices and methods for gener-
ating outputs which are proportional to the power level of
the input RF signals. Although simple analog components
are preferred, digital or hybrid analog/digital circuits may
alternatively be used. For example, the detectors may com-
prise A/D converters to convert the detected DC levels to
digital format for subsequent processing.

[0038] In the preferred embodiment illustrated, one of the
detected DC voltage levels (preferably corresponding to
noise signals) is inverted by inverter 68, and supplied to the
adder circuit 59. The summer 59 sums the voltage data and
outputs a difference signal level or value at output 66.
Alternatives may likewise be utilized for generating an
output proportional to the difference between the respective
RF power levels. For example, a voltage subtractor may be
used in place of the inverter and adder. If digital conversion
is used, a digital adder or subtractor may be used, or a
microprocessor may determine the desired difference value.

[0039] The output indicative of the power difference is
supplied, in a preferred embodiment, to a pair of step
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function comparators 60 and 61. The comparators 60 and 61
evaluate the difference in power levels of the signal and
noise components. The comparator 60 determines whether
the value is greater than a satellite signal loss threshold,
which may be input 40 or otherwise provided. The satellite
signal loss threshold is preferably settable and set suffi-
ciently above the noise floor to represent the minimum
signal level at which an acceptable satellite lock may be
achieved in a given system, setup, and location. The
received signal strength in a typical DBS system will vary
from one region to another, and may be influenced by
antenna location, installation and other variable factors. It is
therefore preferable to have a lock threshold that can be
adjusted to match the specific performance standards for a
given installation.

[0040] The other comparator 61 in turn determines
whether the value is greater than an intermediate threshold
which may be input 41 or otherwise provided. The interme-
diate threshold is set sufficiently above both the noise floor
and the signal loss threshold. The intermediate threshold
preferably represents an intermediate signal strength level at
which secure satellite lock is achieved. Other thresholds
may also be provided, above or below the lock threshold. If
digital conversion is used, the comparator(s) may comprise
any known hardware or software-implemented comparison
or difference detection.

[0041] The comparator(s) may be provided with fixed
thresholds selected, e.g., to represent a state of degraded
performance or of signal loss. The thresholds may be preset
for certain locations or configurations, or normal operating
conditions. In general, the signal to noise (S/N) ratio at the
lock/unlock threshold will be independent of geographic
location. It may nevertheless be desirable to have adjustable
thresholds, to permit optimization for e.g. a particular
receiver.

[0042] 1t may also be particularly beneficial to have
adjustable intermediate threshold(s) which can be set, preset,
or adjusted for optimum operation in a particular location.
For example, where the received signal strength is higher, it
may be desirable to set a higher intermediate threshold to
provide maximum warning of an impending loss of signal.
However, where the clear sky received signal strength is
lower, the same intermediate threshold may result in an
excessive number of “false alarms”, and a lower interme-
diate threshold (closer to the loss of lock threshold) may be
appropriate.

[0043] In particular embodiments, different thresholds
may be utilized for different transponders within the
assigned spectrum. By way of example, one known com-
mercial DBS system utilizes 16 high power transponders
transmitting at 240 watts, and 16 lower powered transmitters
at 120 watts. The SIN ratio differs for the low and high
powered transponders. To permit optimized operation,
appropriate thresholds can be used depending on the nature
(e.g. power) of a transponder whose signal is being utilized
in these embodiments, of course, it is necessary to know
which transponder the IRD is tuned to. In systems where the
low/high power status of the transponders corresponds to the
LNB polarization states (e.g. where all LHCP signals are
broadcast by low power transponders, and all RHCP signals
are broadcast by high power transponders), the polarization-
select DC voltage may be used to also select appropriate
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thresholds. Other control signals or schemes could alterna-
tively be used. In other embodiments, a single threshold (e.g.
high power threshold) may be used for both transponders,
providing adequate operation for many applications.

[0044] The comparators 60, 61 may be provided with
external threshold inputs 40, 41. The thresholds may be
generated by a threshold generator 42. In embodiments
where comparators 60, 61 are analog devices, thresholds 40,
41 may be voltage levels output by the threshold generator
42. In preferred embodiments, threshold generator 42 pro-
vides adjustable threshold(s), and may comprise a manually
adjustable trim resistor or resistor array. In this manner,
manual adjustments can be made to tailor the device opera-
tion to a given region, equipment or installation.

[0045] In other embodiments, a D/A converter may be
used. One or more digital words may then be input 44 from
a source 43. The source 43 may comprise a predetermined
memory (e.g. ROM) or variable memory (e.g. RAM or
binary dip switches). In certain embodiments, the threshold
values may be downlinked directly from the satellite 15 and
stored in a buffer or memory. In particular embodiments, the
threshold value may be adjusted by means of an on-screen
user interface (e.g. by providing threshold generator 42 with
suitable means for receiving signals from the user interface
or associated circuits). Combinations are also possible. For
example, a threshold value may be downlinked to the lock
detector 92 and stored in memory 43, then later adjusted
(e.g. incremented or decremented) by local adjustment (e.g.
manual inputs via the user interface). Further, the thresholds
may be adaptive relative to other inputs. For example, some
(e.g. the intermediate) or all of the thresholds may be
adjusted when temperatures fall below certain levels, to
render the device more sensitive to reductions in signal
strength that may be caused by temperature-related condi-
tions (e.g. ice accumulation).

[0046] Where a plurality of detectors are utilized, each
having a threshold, one or more of the thresholds may be
derived from other(s) of the thresholds. For example, a first
threshold value can be provided from satellite 15, input
manually, or read from a memory or other source, e.g. 43.
The other threshold value(s) may then be derived from the
first threshold, for example, as a certain percentage or other
function of the first threshold.

[0047] Some or all of the thresholds can also be region-
specific in that the locally stored or the downloaded thresh-
old is dependent on the zip code or other indicator (e.g.
latitude and longitude) of where the IRD is installed. In one
preferred embodiment, threshold values may be stored in
memory corresponding to individual or preferably groups of
zip codes. Other regional or geographic correlations may
similarly be utilized to select desired thresholds for different
geographic regions.

[0048] The comparators 60 and 61 generate control volt-
ages or other signals that represent the result of each
comparison operation. The control signals are present on
outputs 93 and 94. By way of example, a first level voltage
at the output 93 may indicate that the satellite signal is not
locked, or has fallen below the satellite signal loss threshold.
A first level voltage at output 94 may indicate that the
satellite signal has fallen below the intermediate threshold
and is approaching the satellite signal loss threshold. This
output 94 voltage may serve to warn users or the logic 53 of
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potential loss of the signal. Additional comparators may be
utilized to give the lock-detector the capability to implement
additional thresholds.

[0049] The control signals output at 93 and 94 from
comparators 60 and 61 can have many advantageous uses in
a satellite system such as a DBS receiver system, other than
providing signal “lock” information to logic 53. For
example, the outputs from comparators 60 and 61 may issue
commands via an output link such as switch unit 71 or
directly to another external device 75. The lock-detect
apparatus 92 can thus automatically activate, for example, a
corrective cycle to melt accumulated ice or snow which is
degrading reception in response to degrading signal condi-
tions. Because the apparatus 92 may operate independently
of the receiving apparatus, such as IRD 95, the receiving
apparatus need not be operating in order for the apparatus 92
and external device (e.g. heater) to operate.

[0050] Referring now to FIGS. 2 and 5, the output(s) of
the comparators may be further linked to a user interface
generator 72. The generator 72 in turn has a feed line 69
linked directly to cable 29, which, as described previously,
is linked to the IRD 95 and television set 79. The direct
output 66 from the summer 59 may also be linked via output
98 to the interface generator 72, to provide a difference
signal value output 66 for use in signal strength calculations
in a generated signal strength meter.

[0051] Upon detecting a signal (e.g. from switch unit 71 or
logic 53, or directly from outputs 93 and/or 94) indicating
signal degradation, the interface generator 72, through con-
ventional means known in the art, sends a signal through the
cable 29 to the IRD 95. The IRD 95 in turn preferably causes
a visual or aural response, such as a small icon 81, to be
generated by the television set 79 or the IRD itself.

[0052] The user can then use a remote control (not shown)
to cause the generator 72 to control a user interface, pref-
erably an on-screen user interface, such as shown in FIG. 5,
through conventional means known in the art. This user
interface 85 preferably comprises a menu 80 to explain to
the user the various options 83 available to correct the
degradation of the satellite signal. In one particular example
related to snow or ice accumulation, an antenna heater can
be activated by choosing its respective menu option or
otherwise. In another embodiment, a realignment means or
boresighter, such as an antenna rotor, can be activated. In
certain embodiments, once the selected external device, such
as device(s) 75-77, has been activated through the user
interface 85, the selected device(s) 75-77 may cause the user
interface generator 72 to reset. The generated menu 80 and
icon 81 are thus removed from the screen. In the meantime,
the satellite lock detector 92 may continue to monitor the
incoming signal from the LNB 20, and may cause the
generator 72 to generate the icon 81 again if the corrective
device is not successful in improving the satellite signal
strength. Many other uses and options are likewise possible.

[0053] Preferably, the present embodiment of the lock
detector 92 is adapted for use with a variety of systems such
as DBS direct-to-home satellite receiver systems. For
example, a user may purchase the lock detector alone as an
accessory, or in combination with e.g. a satellite dish
antenna heater, and retrofit the system to an existing DBS
system. The lock-detect device preferably may be installed
in any easily accessible area between the LNB and the
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indoor IRD unit. The methods and apparatus may also be
employed in other RF transmission systems, such as LMDs,
MMDs or other terrestrial broadcast services whose signals
may be degraded by environmental factors.

[0054] Although lock detector 92, interface unit 72, and
IRD 95 are shown as separate units, it should be understood
that in certain embodiments some or all of these elements
may be combined.

[0055] The method and system for satellite lock-detect
described herein allows the system subscriber to conve-
niently determine when the satellite downlink signal at the
antenna has degraded to a particular point, including (but not
limited to) a point that the signal may be completely lost
upon further attenuation. By warning the subscriber of these
conditions around the antenna, the subscriber can take
corrective steps before the signal is completely lost, or be
informed of automatic corrective steps taken by logic 53.

[0056] Because the components of the unit in certain
embodiments are relatively simple and easy to implement
logic functions, expensive microprocessors are not needed
although they may be utilized. Furthermore, because certain
embodiments of the lock detector system described herein
preferably are mounted in-line and separate from the receiv-
ing device itself and do not require analysis of the received
information content, the receiving device need not be turned
on for the system to operate, and the system operates
independently of the information encoding or protocols
used.

[0057] Of course, it should be understood that a wide
range of changes and modifications can be made to the
embodiments described above. It is therefore intended that
the foregoing detailed description be regarded as illustrative
rather than limiting and that it be understood that it is the
following claims, including all equivalents, which are
intended to define the scope of this invention.

[0058] Some or all of the thresholds can also be region-
specific in that the locally stored or the downloaded thresh-
old is dependent on the zip code or other indicator (e.g.
latitude and longitude) of where the IRD is installed. In one
preferred embodiment, threshold values may be stored in
memory corresponding to individual or preferably groups of
zip codes. Other regional or geographic correlations may
similarly be utilized to select desired thresholds for different
geographic regions.

[0059] The comparators 60 and 61 generate control volt-
ages or other signals that represent the result of each
comparison operation. The control signals are present on
outputs 93 and 94. By way of example, a first level voltage
at the output 93 may indicate that the satellite signal is not
locked, or has fallen below the satellite signal loss threshold.
A first level voltage at output 94 may indicate that the
satellite signal has fallen below the intermediate threshold
and is approaching the satellite signal loss threshold. This
output 94 voltage may serve to warn users or the logic 53 of
potential loss of the signal. Additional comparators may be
utilized to give the lock-detector the capability to implement
additional thresholds.

[0060] The control signals output at 93 and 94 from
comparators 60 and 61 can have many advantageous uses in
a satellite system such as a DBS receiver system, other than
providing signal “lock” information to logic 53. For
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example, the outputs from comparators 60 and 61 may issue
commands via an output link such as switch unit 71 or
directly to another external device 75. The lock-detect
apparatus 92 can thus automatically activate, for example, a
corrective cycle to melt accumulated ice or snow which is
degrading reception in response to degrading signal condi-
tions. Because the apparatus 92 may operate independently
of the receiving apparatus, such as IRD 95, the receiving
apparatus need not be operating in order for the apparatus 92
and external device (e.g. heater) to operate.

[0061] Referring now to FIGS. 2 and 5, the output(s) of
the comparators may be further linked to a user interface
generator 72. The generator 72 in turn has a feed line 69
linked directly to cable 29, which as described previously, is
linked to the IRD 95 and television set 79. The direct output
66 from the summer 59 may also be linked via output 98 to
the interface generator 72, to provide a difference signal
value output 66 for use in signal strength calculations in a
generated signal strength meter.

[0062] Upon detecting a signal (e.g. from switch unit 71 or
logic 53, or directly from outputs 93 and/or 94) indicating
signal degradation, the interface generator 72, through con-
ventional means known in the art, sends a signal through the
cable 29 to the IRD 95. The IRD 95 in turn preferably causes
a visual or aural response, such as a small icon 81, to be
generated by the television set 79 or the IRD itself.

[0063] The user can then use a remote control (not shown)
to cause the generator 72 to control a user interface, pref-
erably an on-screen user interface, such as shown in FIG. 5,
through conventional means known in the art. This user
interface 85 preferably comprises a menu 80 to explain to
the user the various options 83 available to correct the
degradation of the satellite signal. In one particular example
related to snow or ice accumulation, an antenna heater can
be activated by choosing its respective menu option or
otherwise. In another embodiment, a realignment means or
boresighter, such as an antenna rotor, can be activated. In
certain embodiments, once the selected external device, such
as device(s) 75-77, has been activated through the user
interface 85, the selected device(s) 75-77 may cause the user
interface generator 72 to reset. The generated menu 80 and
icon 81 are thus removed from the screen. In the meantime,
the satellite lock detector 92 may continue to monitor the
incoming signal from the LNB 20, and may cause the
generator 72 to generate the icon 81 again if the corrective
device is not successful in improving the satellite signal
strength. Many other uses and options are likewise possible.

[0064] Preferably, the present embodiment of the lock
detector 92 is adapted for use with a variety of systems such
as DBS direct-to-home satellite receiver systems. For
example, a user may purchase the lock detector alone as an
accessory, or in combination with e.g. a satellite dish
antenna heater, and retrofit the system to an existing DBS
system. The lock-detect device preferably may be installed
in any easily accessible area between the LNB and the
indoor IRD unit. The methods and apparatus may also be
employed in other RF transmission systems, such as LMDs,
MMDs or other terrestrial broadcast services whose signals
may be degraded by environmental factors.

[0065] Although lock detector 92, interface unit 72, and
IRD 95 are shown as separate units, it should be understood
that in certain embodiments some or all of these elements
may be combined.



US 2005/0108759 Al

[0066] The method and system for satellite lock-detect
described herein allows the system subscriber to conve-
niently determine when the satellite downlink signal at the
antenna has degraded to a particular point, including (but not
limited to) a point that the signal may be completely lost
upon further attenuation. By warning the subscriber of these
conditions around the antenna, the subscriber can take
corrective steps before the signal is completely lost, or be
informed of automatic corrective steps taken by logic 53.

[0067] Because the components of the unit in certain
embodiments are relatively simple and easy to implement
logic functions, expensive microprocessors are not needed
although they may be utilized. Furthermore, because certain
embodiments of the lock detector system described herein
preferably are mounted in-line and separate from the receiv-
ing device itself and do not require analysis of the received
information content, the receiving device need not be turned
on for the system to operate, and the system operates
independently of the information encoding or protocols
used.

[0068] Of course, it should be understood that a wide
range of changes and modifications can be made to the
embodiments described above. It is therefore intended that
the foregoing detailed description be regarded as illustrative
rather than limiting and that it be understood that it is the
following claims, including all equivalents, which are
intended to define the scope of this invention.

We claim:

1. A device for use in a satellite communication system
having an antenna that receives a broadcast signal and an
integrated receiver decoder coupled to the antenna the
device comprising:

circuitry that is adapted to be coupled to the satellite
communication system to convey a portion of the
broadcast signal from the antenna to the integrated
receiver decoder, to pass a service signal to a first
output, and to pass a noise signal to a second output;
and

a comparison circuit that compares at least one of the first
or second outputs to a threshold associated with an
incipient loss of lock on the broadcast signal.

2. The device of claim 1, wherein the circuitry further

comprises:

a first filter circuit that is adapted to be coupled to the
antenna to pass the service signal to the first output; and

a second filter circuit that is adapted to be coupled to the

antenna to pass the noise signal to the second output.

3. The device of claim 2, wherein the first filter circuit has
a first passband within a first transponder band having a first
polarization and a second passband within a second tran-
sponder band having a second polarization.

4. The device of claim 1, wherein the circuitry has a
passband center frequency between a staggered pair of
transponder frequencies.

5. The device of claim 1, further comprising first and
second radio frequency detectors coupled between the
respective first and second outputs and the comparison
circuit, wherein each of the first and second radio frequency
detectors generates a respective voltage signal.
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6. The device of claim 1, further comprising an inverter
coupled to the second output and an adder coupled to the
first output and an output of the inverter.

7. The device of claim 1, further comprising a difference
circuit coupled to the first and second outputs to produce a
difference signal.

8. The device of claim 7, wherein the comparison circuit
compares the difference signal to the threshold associated
with an incipient loss of lock on the broadcast signal.

9. The device of claim 1, wherein the comparison circuit
further compares at least one of the first or second outputs
to a second threshold associated with a loss of lock on the
broadcast signal.

10. The device of claim 1, wherein the threshold is
generated using one of information within the broadcast
signal, a geographic location associated with the antenna, a
zip code, a type of transponder currently being tuned by the
integrated receiver decoder and or an ambient temperature
surrounding the antenna.

11. The device of claim 1, wherein the comparison circuit
is adapted to provide a corrective output signal based on the
comparison of the threshold and the at least one of the first
or second outputs.

12. The device of claim 11, wherein the corrective output
signal activates a heater to heat the antenna.

13. A system for detecting a satellite signal, the system
comprising:

a first filter having a passband center frequency between
a first transponder center frequency of a first transpon-
der band having a first polarization and a second
transponder center frequency of a second transponder
band having a second polarization and overlapping the
first transponder band; and

a comparison block that compares an output of the first
filter to a threshold value associated with a loss of lock
on the satellite signal.

14. The system of claim 13, further comprising a second
filter having a passband center frequency associated with a
non-service band.

15. The system of claim 14, further comprising a differ-
ence block that generates a difference value based on the
output of the first filter and an output of the second filter.

16. The system of claim 15, wherein the comparison block
compares the difference value to the threshold value asso-
ciated with a loss of lock on the satellite signal.

17. The system of claim 13, further comprising an output
block that provides a corrective output signal based on the
comparison of the threshold value and the output of the first
filter.

18. The system of claim 13, further comprising a user
interface that graphically indicates a result of the compari-
son of the threshold value and the output of the first filter.

19. A system for detecting a satellite signal lock, the
system comprising:

a first filter having a passband center frequency substan-
tially equal to a first transponder center frequency of a
first transponder band;

a second filter having a passband center frequency sub-
stantially equal to a second transponder center fre-
quency of a second transponder band staggered with
respect to the first transponder band;
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a third filter having a passband center frequency associ-
ated with a non-service band; and

a comparison block that compares at least one output of
the first, second, or third filters to a threshold value
associated with a loss of lock on a broadcast satellite
signal.

20. The system of claim 19, further comprising an output
block that provides a corrective output signal based on the
comparison of the threshold value and the at least one of the
outputs of the first, second, or third filters.

21. The system of claim 19, further comprising a user
interface that graphically indicates a result of the compari-
son of the threshold value and the at least one of the outputs
of the first, second, or third filters.

22. The system of claim 21, wherein the user interface
further indicates possible corrective actions based on the
result of the comparison.

23. A method of detecting a broadcast satellite signal,
comprising:
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filtering a received broadcast satellite signal to generate a
service signal having a center frequency between a first
transponder center frequency of a first transponder
band and a second transponder center frequency of a
second transponder band that overlaps the first tran-
sponder band; and

comparing the output of the filtering to a threshold value
associated with a loss of lock on the broadcast satellite
signal.

24. The method of claim 23, further comprising output-
ting a corrective signal based on the comparison of the
output of the filtering and the threshold value.

25. The method of claim 23, further comprising:

filtering the received broadcast satellite signal to generate
a noise signal center frequency associated with a non-
service band that is spectrally separate from the first
and second transponder bands.
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